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SUMMARY 

Bqeri-Illental  values of the  dmping iI?. r o l l  of the   Bel l  X-1A reseaxch 
z i rp lme  end i t s  components have  been obtained at Mach numbers  of 1.62, 
1.94, 2.22, 2.41, and 2.62, a t  zero angle of attack.  Severe  losses i n  
the danping i n  roll Cz were  obtained  near a Mach number of 2.22 f o r  the 

complete  =ode1 and the  configuration  with body, wing, and v e r t i c a l  tail. 
For the ccmrplete model t h i s  loss w a s  lazgely al leviated by removing the 
dorsal  m d  ventral   f ins .  

P 

The wing was  the predominmt  contributor  to  the damping i n   r o l l  
throughout the Mach  number range,  although  the  contrLbutions of the  
other  airplane  cmponents  to the dpsrping i n  r o l l  were s igniPicant   in   the 
Mach nmber  region from 2.22 t o  2.41. 

Ln general,  the  dpslphg i n  r o l l  of the complete model and 

for   the  model with body, wing, and ve r t i ca l   t aL l  WES predicted  adequstely 
by theory,  except i n   t h e  Mach nuznber region frm 2.22 t o  2.41, vhere 
component interference  effects caused large  deviations from theory. The 
d a p i n g   i n  r o l l  C of Yne body-wirg model wgs predic-bed  izdequately by 

theory  throughout the Mech =umber range of the t e s t s .  

czP 

2P 

c 

The X-L4 research  airplane has exhibit&  u-setisfactory  handling 
qual i t ies   in   recent  flight t e s t s  ai; supersonic  speeds. In oriier t o  
obtain some experimentzl  information t o  provide  Fnsigbt into  th ,  - causes 
of tiiese  unsatisl"actory h a s l i n g  qQali t ies ,  a general progrem of inves- 
t igzt ions i s  being  underteken in   t he  Langley 9-inch  supersonic  tunnel 
of some of the dynmic a d  s t a t i c   s t ab i l i t y   cha rec t e r i s t i c s  of the X-=. 

".L 
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One of tl?e mare ilr-portant s t a b i l i t y  derivatives vhich must be evaluated 
i n  order t o  predict the Q n m i c  sta.bility  characterFstics  of a given 
a i rp la re  cor:fiig;ratizn is the damping i n  roll C . 

2P 
Considerable  theoretical work 3as been  dane to   p red ic t  a t  

ZP 
supersonic  speeds Cor Lsolated  vings  (e.g.,  see refs. 1 a7.d 2 ) ,  certain 
r e s t r i c t ed  wing-body combinations, crccifoorm wings, slegder teil config- 
urations  (e.g. ,   see  refs.  3 t o  6 ) ,  end a typical  airplane  configuration 
(see  ref .  7 ) .  The experixeztal  information  available a t  supersonic 
speeds  Lncludes the   resu l t s  of xind-twnel  investigations of C for 

a large  c lass  of ving  plan  form  (see refs. 8 ana g ) ,  f ree- f l igh t   hves-  
t igat ions of C f o r  varLous ving-body acd rdssile configurations, 

suck as those  reported Ln references 10 and 11, and investigations  uti-  
lizlng  other  techniqdee, sucl? e s  tkose  reported i n  reference 12. The 
present  investigction  Frovides some experinenkal  values of C f o r  a 

$articular  airplane  canfiguration and extends  the :knowledge of the com- 
ponent efzects on C 2  fo r  camplete airplane  configurations at super- 

socic  speeds. 

lP 

zlp 

L? 

P 

In  tke  present  investigatiofi, C: for   the X-IA research  sirplane 
2P 

and i t s  cmponents was obtained at Mach rxzTbers of 1.62, 1.94, 2.22, 
2.41, anC 2.62, a t  zero arrgle of attack. The tes t  Reynolds number range 
f o r  the  complex zonZig-razion was f r o n  0.2k x l o b  t o  0.44 x 10 , based 
on tfie xean  aerodymmic choril of the wing. However, a l l  tests were con- 
cucted  with  tl-snsitLon  strips or- the comFonents i n  order t o  simulate 
more ciosely tlze bouT-dery-Layer cofiditions  encountered a t  higher Reynolds 
xxibers. The prirmry  Furgose of this   invest iget ion was t o  determine  the 
daxpFrLg i n  r o l l  of the complete configmation an& the  contributions of 
tce corrpxents %o t ? e  c5zmpir-g i n  roll. Inclilded were detern5nations of 
the  ezfects of -,he dorsal ard ve r t r a l   f i n s  on CzP f o r  the complete con- 

figuration. ID this  report ,   the  term  "dorsel   f in"  inciudes  the canopy 
an6 She c o n h i t  which extends frm the canopy reamard, and i s  feired 
smoothly in to  t i e  ver t ica i  t z i l .  The %err- "ventral   f in" refers t o   t h e  
srraller  conduit :%_ich traverses a rrajor par t  of the  ventral   portion of 
the bow. Comparisons were made with soxe theoretical   predictions.  

6 

SYMEOLS 

b wing span, ft 

c2 rolling-xo:r&nt coefficient,  - L 
qSb 

. 
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-r circulation  at  any  spanwise  stetion  along  the  wing,  ft2/sec 

L rolling  noment, ft-lb 

M free-strean  Mach  number 

P rolling malar velocity,  radians/sec 

- PO 
2v 

wing-tip  helix  angle,  raaians 

a_ free-stream dymmic pressure, Ib/sq ft 

r radiai distarce from center of vortex, ft 

S total  wing  area,  including portton subnerged  in body, sq ft 

V free-stream velocity, ft/sec 

" 

V tangential  velocity ai; a distance r from center of vortex, 

h, Tt/sec 
2xr 

Subscripts  and  conriguation  identification: 

IXLX Imxirmur? 

sw b o Q  and  wing 

BV body ar?d  vertical  tell 

BIT body, vertical  tail, end horizontal  teil 

EVv body, wing, and vertical  tail 

3-hm body, wing,  vertical  tail, and horizontal  tail 
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APPARATUS 

Wind  Tunnel 

NACA RM L5'jIlg 

J 

A l l  tests  were  conducted  in  the  Langley  9-inch  supersonic  tunnel, 
which is a closed-circuit,  continuous-operation  type in which  the  stream 
pressure,  temperature,  and  humidity  can  be  controlled at all thes during 
tmnel operation.  Different  test Mach numbers  are  provided  by  inter- 
chcngeable  nozzle  blocks  which form test  sections  approximately 9 inches 
squzre.  Eleven  fine-neah  turbulence-dmqing  screens  are  installed  in 
the  settling  chamber  ahead of the  supersonic  nozzle.  The  turbulence 
level of the  tunnel  is  considered  low,  based on past  turbulence-level 
measurements. A schlieren  optical  system  is  provided f o r  qualitative 
flow observation. 

Models,  Support,  and  Rolling-Moment  Balance 

A drawing of the  complete  1/62-scale  model of the X-1A is  presented 
in  figure 1. The  sting was an integral  part  of  the  model  body. In order 
to  use a sting  of  sufficient  strength to withstand  the  forces  which  would 
be  encountered  in  testing,  it  was  necessary  to  alter  the  shape  of  the 
aft portion of the  body,  as  shown  in  figure 1. The  effect of this  alter- 
ation on was believed  to  be  negligible. 

2P 

Three  identical  bodies  were  constructed,  one f o r  the BWV and ElwvII 
configurations,  one for the BW configuration,  and  one f o r  the BV and 
BVH configurations.  The wing and  tail  units  were  removable, so that 
either  could  be  installed on the  desired  body.  The  nose  portions of the 
bodies  were  made of aluminum.  The  remaining  portions  of  the  bodies  and 
the  integral  stings  and  the  wing  were  made  of  steel.  The tail surfaces 
and the  dorsal  and  ventral  fins  were mlded from  plastic mterials. 
This  arrangement  of  model  parts  and  selection of materials  resulted prF- 
marily  from  the  necessity for accurately  mass-balancing  the  models. 

Since  the  tail  surfaces  were  molded from plastic  materials,  they 
may have  experienced  slight  bending or twisting  when  tested.  However, 
the  resulting  aeroelastic  effect on the  contrLbutions of the  tail sur- 
faces to C is  believed  to  have  been small. 

132 

The BWVH configuration  was  tested  with  the  dorsal  fin  removed,  and 
with  the  dorsal  and  ventral  fins  removed.  When  the  dorsal  fin  was 
removed,  the  vertical  tail  was  faired smoothly into  the  body as shown 
in figure 1. When  the  dorsal  and  ventral  fins  were  removed,  the bow 
became a body  of  revolution. . 
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i 
All models  were  tested  with  finely  pulverized  salt  transition  strips 

on  the  componeats.  The  transition  strips  were  located  as shown in  fig- 
ure 1 to  create a turbulent  boundary  layer  over East of  the  model  and 
thereby  nore  closely  simulate  full-scale  conditions.  The  effectiveness 
of similar  transition  strips  in  creating a turbulent  bow-dary  layer may 
be  seen in reference 13. 

Photographs of the  damping-in-roll  test  apparatus  are  presented 
in  figure 2. T"e  model  sting  was  inserted  into  the  spindle of the 
rolling-moment  balance  and  secured by a Woodruff  key  and  setscrews.  The 
spindle WES rotated  by  means of gears  and  an  electric  motor  outside  the 
tunnel.  The  rolling  velocity w m  measured  with a Stroboconn  Trequency 
indicator  which was modified  to  indicate  revolutions  per dnute by means 
of a generator  attached to the rear of the  spindle. The rolling  moments 
were  measured by strein  gages on the  spindle  and  were  transmitted through 
slip  rings  and  brushes  to a Brown strain  indicator  unit  outside  the 
tunnel. 

- PrnCISION 

The  precision  of  the  data has been  determined  by  estimating  the 
accuracies  of  the  measured  quantities  and  evaluating  their  efZects on 
the  coefficient C t  and  the  parameter  pb/2V.  The  probable  error in 
the  strain-gage  indication  produced  the  following  errors  in C2: 

M 

1.62 

1 .g4 

2.22 

2.41 

2 -62 

Erro r  in Cz for  configurations - 

SWVR, BWV, BV 

20 .om35 

f . OW40 
f .oO045 

f .00050 

f .00040 

BV, BVH 

f o  .mol5 

2.00015 

t . O O O l 7  

f .00018 

t .00020 
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Error i n  the measurement of  the  rolling  velocity caused a maximum 
e r ro r   i n  pb/2V of fo.00008. The swveyed  vzriation of each of the 
free-stream Mach nu-bers i s  about iO.01, which produced a maxirrm.r. er ror  
ill gbj2V of I~O.OOOC~. Thus the mximm  total   error  i n  pb/2V 
W&S +0.00011. 

Model alinement was Taintained to   wi th in  +0.lo of zero  pitch and 
yav .with respect   to   the  twnel   center  lice. 

The rolling-nonent  balance was caiibrated  statically  before and a t  
intervals  bring t i e  tes t ing   to   ascer ta in  that there were no changes i n  
the  strai3-gage  constznt. 

Throughoxt the t e s t s ,  the moisture  content i n  the turmel WES kept 
sufficFently low t o   i n su re  that the  effects  of condensation were 
negligible. 

RESULTS AND DISCUSSION 

The variations of rolling-moment coefficient with wing-tip  hellx 
angle f o r  the various  configurations are pesented   in   f igure  3. 
be  seen ic figure 3 ( c )  that two dlrferent  varist ions of Cz wi.t?p% 
were  ob-lzined at M = 2.22 for BWVH with t h e  dorsal  and ven t r a l   f i n s  
i n  place. The term  "alternate"  mployed  in t h i s  f igure   s ign i f ies  t h a t  
a separate dorsal  Pin was used on the model i n  the second test. The 
"el ternate"   dorsal   f in  was cast  from the sane mold as the  or ig ina l   dorsa l  
f i n ;  however, small errors i n  reproduction m d  ins ta l la t ion  on the model 
xay hzve caused i ts  external   contour   to   dlffer   s l ight ly  from t ha t  of t he  
original.  The differences  in  the variations of C z  with pb/2V which 
were obtained i n   t h e  two tests m e  believed  to have been  caused by VLscous 
effects  associated with s l igh t   d i f fe rences   in  the external  contour of the  
dorsal  f in .  

The Contributions of the Afnlane  Cmponents t o  Czp 

The varietions with Mach number of C2 for  the complete model P 
an6 i ts  cax>onents are presented  in  f igure 4. The values of czp were 
5CAzined by taking the slopes of the  vmiatio-rls  of C z  with pb/2V 
preseated  in figure 3 .  

The rnost s t r ik ing   fea ture  of the   resu l t s  i s  the fact   that   severe 
losses   in  C were experienced  near M = 2.22 by BWVB and BWV 
with the dorsal and ven t r a l   f i n s  i n  place. It should  be noted t ha t  
neither  the mLnamam valxes of C i n  the v ic ln i ty  crf M = 2.22 for 

lP 

0 



the  configurztions  containing  the -ing nor the Mack? nudoers a t  which 

curves of  figure 4 indicated  that   the  nLnimwn values  probably  occurred 
betveer_ 14 = 2.22 a d  M = 2.41. In view of this uncertainity,  the  curves 
were  dashed i n   t h e  Msch nmber  range fram 1.94 t o  2-41. Also, since 
BWVS d t ' n  the  dorsal  and ventral  ZLns in  place was tested  twice at 
M = 2.22 , so tha t  two  same%-hst different  values of Czp were obtained , 
the  curve  for  this  configwetion was fa i red  midway between the two velues 
in   f i gu re  4. The value of C zp shown i n   f i g u r e  4 f o r  BWVH with the 
"al ternate"   dorsel   f in  and ven t r a l   f i n   i n   F l ee   r ep resen t s   t he   s lope  of 
the   var iz t ion of  Cz  wi-th pb/2V over a range of pb/2V from 0 t o  0.019 
or C r o n  0.024 t o  0.036 ( f ig .  3( c )  ) , the  slope  over  a range of pb/2V from 
0,019 t o  0.024 not being  considered. 

4 they  occurred were definitely  established,  altnough Yne f a i r ing  of the 

For BWVH m-d BWV with  the dorszl md ventral   f ins   in   place,  
g r d u e l  decreases i n  CzP occurred as the Mach  number was i n c r e s e d  
5rom 1.62 t o  1.94. Abrupt decreases in C 1 took  place as the  Mach 
nmber was increased from 1.94 to 2.22. Following the  apparent minimum . 
values OZ Czp which were obtained  ne= M = 2-22,  rather  rapid  increases 
i n  Czp uere  o'otained es the Mach  number was increased to M = 2.41 and 
M = 2.62, exhibiting a tendency to   rever t   to   the   t rends  of the  variations 
of C zP at M = 1.62 a& M = 1.94. For BW wfth dorsal  & vent ra l  
f ins   in   place,  no significant  reduction 5n w-as obtained  new 
M = 2.22. The wing was the  predomhant  contributor  to c ZP throughout 
the Mach  number range,  although  the  contributions of  the  other  airplane 
components t o  were s5.gnil"icas-t ia the  Mech  number region f ron  2.22 
t o  2.41. 

P - 
- 

ZP 

ZP 

51 811 attemGt to  deternine  the  cause of the d ras t i c  loss i n  Cz P 
experFenced by B M  ne= M = 2.22, the  dorsal  f l n  m s  removed. This 
resu l ted   in  approxixmtely a 35-percent  increase Tn f o r  9WVE et 
M = 2.22. Next, the  ventre1  f in  was removed, and an additional  17-percent 
hncrezse io C zl! was obt&ined at M = 2.22, g i ~ n g  an overs11  increase 
i n  C zP of zpproximately  52  percent at M = 2.22 with Yne dorsal  & 

vent ra l   f ins  removed. The SWVH conTiguration with dorsal  and vent ra l  
f i n s  removed w a s  then  tested at the  other -Mach numbers of the  invest i -  
gation, m-d at a l l  Mach numbers Czp f o r  Bwvid was somewhat higher  with 
the  dorsal  m-d vent ra l   f ins  removed than  with  the fins i n  place. 

cZP 

These r e su l t s  show thzt   the   severe  loss i n  C2 experienced by 
B-rJTTti ne= M = 2.22 , as well as the  level  of C2, fo r  BWVE throughout 

P 
- 

. 
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t he  Mach mmiber range  of  the tests, was  definitely  zssociated  with  the 
interference effects of the  dorsal  and ventre1 f ins .  The fact that  wlth 
the  dorsal  and ventral   f ins   in   place BW q e r i e n c e d  no s ignif icant  
reduction i n  C z  wherees BWVH and BWV experienced  sizeable  losses 
i n  Cz, near M = 2.22 indicates  that  the losses  resulted  primarily 
from the effects  of the dorsal  and ventral  fins on the tail panels. The 
r a i n i n g  slight reduction i n  which was obtained  near M = 2.22 
fo r  BWVH with the  dorsal  and ven t r a l   f i n s  removed can  only  be attri- 
buted t o  some cmbination of body-wlng-tail interference  effects . 

P 

2P 

Some schlieren photographs of the  flow  zbout the cmTlete model at 
zero  roll ing  velocity &re presented i n  f igure 5 .  These photo@;raphs show 
the  posit ions with respec t   to  the wing of the strong shock waves frm 
the  body nose and the blunt nose (or canopy portion) of the   dorsa l   f in  
as well as the weaker shock wave froa  the nose  of  the  ventral  fin. Also 
apparent at M = 2.41 is an extraneous  shock wave which is caused by e 
slight  imperfection i n  one of the nozzle  blocks. As may be rezdily con- 
firmed, t h i s  shock is  inclined at an angle of less  than 1' wi-th respect 
t o  the Mach angle and is, therefore, obviously weak. Past streexa sur- 
veys  have shown no significant ef fec t  of t h i s  shock wave,  and it does I 

not strike the  model. Thus, i ts  influence on CzP was  negligible. 

A s  shown i n  figure 4, a reasonable  level of WE?S obtained for 2P 
BV st a l l  Mach nuubers  except 14 =: 2.h1, where CzP was nearly zero. 
However, t i e  almost  complete lack of CzP obtained  for BVH throughout 
t i e  Mach nmber  range was somewhat surprising. This may have  been  ceused 
by interference between the   ver t ica l  t a i l  and the horizontal tail, or 
the effects  of  the  dorsal  and vent ra l   f ins  on the tai l .  

Comparisons of the Exgerimental  Values of 

C z p  with Sone Theoretical  Predictions 

The varietions w i t h  Mach nwnber of the experimental and theoret ical  
Czp of the  various  configurations  are  preser-ted i n  figure 6 .  The theo- 
re t ical   predict lons of Czp f o r  IN were obtained from reference 1 f o r  
an isolated  thin wing w i t h  the saEe plan form as the wing of the X-lA. 
The ef fec t  of the body  on wes neglected. 

ZP 
The theoretical   predictions of for  BV were obtained by taking 2P 

one-half of the  values  given in   reference 1 for EA wing containing two 
panels,  each of which had approximately  the same plan form as the ver- 
t i c a l  ta i l .  The theoretical   predictions of C For BVH consisted of 

2P 
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the  values  of C for  the  vertical  tail  plus  the  values of for 2P CIP 

< the  horizontal  tail.  The  theoretical  values  of C for  the  horizontal 
2P 

tail  were  obtained  from  reference 1. Obviously,  the  predictions  of C 
for  the  horizontal  tail  were  not  exactly  appliceble to the  present  case, 
since  the  wings of reference 1 were  assumed  to  roll  =bout  the root chords, 
whereas  the  horizontal  tail  of  the X-IA model was located  some  distance 
above  the body axis,  an&  hence  was  not  rolling  about  its  root  chord. 
However,  these  vere  the only  theoretical  predictions  available,  and 
they m e  believed to ke fair  approxizaEtions  of  Czp,  assuming no interfer- 
ence.  For BV and BVH the  effect  of  the  body on Czp was neglected. 

ZP 

The  theoretical  predictions  of for BWV and BWVII represent C2P 
the  net  contributions  of  the wing and tail  panels  to  Czp,  obteined  as 
described  above,  plus  approximations of the  effects of the  wing  flow 
field  on  the  tail  panels.  The  approxirrations  consisted of representing 
the  vake  behind  the  wing  by  four  illfinite  line  vortices,  determining 

the  vertical  tail  and  horizontal  tail,  respectively,  by  the  vortices, 
and  calculating  the  resulting  rolling  moments  on  the  tail  pznels. 

- graphically  the  sidewash  and  upwash  (or domwash) velocities  induced on 

- 
The  elnployment of more  exact  methods of estimting the  effects  of 

the  wing  flow  Tield  including  body  efi'ects wa.s considered too involved 
for  the  purposes  of  this  paper. 

The  spanwise  circulation  distribution  for  the  rolling  wing was 
obtained  from  reference 1.4, an&  is  illustrated  in  figure 7(a). The con- 
tinuous  circulation  distribution was replaced  by a step  function,  as 
shown in figure 7(a), representing  the  four  line  vortices  originating 
at  the  trailing  edge.  The  strength  of  eech  vortex was proportional  to 
the  height  of  its  step (i .e.,  proportional  to r . !€!he spanwise  loca- 
tion  of  the  inboard  vortex was determined  by  making t'ae area  under  the 
stepped  curve  egual  to  the  are=  under  the  circulation  curve,  over  those 
portions  of  the  curves  from  the  roll  axis  to  the  spanwise  location 
of rDX. The  spanwise  location of the  outboard  vortex wes determined 
by =king  the  area  under  the  stepped  curve  equal  to  the  area  under  the 
circulation cuve, over  those  portions of the  curves f r o m  the  spanwise 
location of rmx to  the  wing  tip. 

-x) 

The  line  vortices  were assumed to  originate  &t  tne  wing  trailing 
edge  and  travel  streight  beck,  permitting  the  vortices in the  vicinity 
of the  tail  to  'oe  depicted  as shown in  figure 7(b).  At  each oT several 
spanwise  locations along the  vertical  tail,  the  sidewash  component  of 
the  resultant  velocity  due  to  the  four  vortices  was  determined.  At 
each of several  spanwise  locations  along  the  horizontal  tail,  the  upwash 
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(or downwash)  component of the  resultant  velocity due t o   t h e  four vor- 
t i c e s  was determined. This was acconplished a t  each spar-wise locetion 
by calculating  the  tangential  velocity v a t  any radial   distance r 
from the  center of the  vortex frox the  incoxpressible  reletLon 

for each  vortex  (the  variation of v with r i s  given in   f igure  7(b) ), 
representing  the  values of v by vectors, and obtaining  the sidewash or 
dowcwash  component of t3e  resultant  velocity  vector.  

The ro l l ing  moments induced on the t a i l  panels by the sidewash and 
downwash velocr t ies  were calculated by use of the method of reference 13. 

Figures 6(s )  an& 6(b) show thzt ,   in   general ,  CzP for BWVK an& 
BWV was predicted  adeq-dately by theory,  except i n   t h e  Mach  cumber region 
from M = 2.22 t o  2.41, w3ere component interference  effects caused large 
devlations from theory. For BW, good &greawnt between the  experimental 
and theoret ical  C z p  was obtained  throughout  the Mach number range of 
the   tes ts .   Figure  6(c)  shows that  the  experfmental CzP for BV w s s  ir- 
fair  agreement with theory Et a l l  Mach numbers except 2.41, md Cz f o r  
BVH vas o v e r e s t i t e d  by theory  throughout  the Mach number r a g e .  

P 

CONCUJSIONS 

Wind-t’mnel investlgations of t he   dmping   i n   ro l l  Czp o f  the Bell 
X-LA research  airplane and i t s  components were made at Mach numbers of 
1.62, 1.94, 2.22, 2.41, and 2.62, at zero angle of attsck.  From the 
resu l t s  of these  investigations  the following conclusions axe indicated: 

1. A severe loss i n   t he  danping i n  roll Cz was experienced by P 
the  cmplete  nodel  near a Mach nmker of 2.22. Similarr results were 
obteilled for the  configuration  with body, wing, and ve r t i ca l  tail.  

2. Tne loss i n  C experienced by the  cmplete  model n e w  a Mach 
number of 2.22 was large’y  alleviated by removing the   dorsal  and ventral  
f i n s .  The phenmena  near a Mach  number of 2.22 resulted  prfmarily from 
the   e f fec ts  of the dorsal end vent ra l   f ins  on the t a i l  panels. 

2P 
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3 .  Tne wing w e s  the predominant c o n t r i h t o r   t o  the danping i n   r o l l  
C zp throughout  the Mach  number range,  although  the  contributions of t he  
other einlane comsonents t o  Czp were sip-ificant i n   t h e  Mach  number 
region from 2.22 t o  2.41. 

4. In general, t'ne dmping i n  r o l l  CzP of t'ne complete model m d  
of the  conTiguration xLth body, wing, end v e r t i c a l  t a i l  was predicted 
adequztely by theory,  except ic the Mach nmber  region frcm 2.22 t o  2.41, 
where component interference ceused 1s;rge deviations from theory. The 
dznping in r o l l  C of the body-wiw model was predicted .=dequ?.tely by 

theory throughout the Mach nwnber range of the tes ts .  
2P 

Langley Aerooautical  Leboratory, 
Natiozlel Advisory Committee for  Aeronautics, 

Langley Field, Ve., Aug~lst 31, 1955. 
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Wing. 
A M I  4.864 sq in 
Span 5.420 in. 
Aspect ratio 

65,1-008 (9.1) 
6 

Root  incidence 
Section 

Tip Incidence 
2.5" 
I .5* 

Horizontal toil : 
Area 0.974 sq in 
Section 65-006 
Vertical  tail : 
Area 
Section 

0.958 sq In 
65-008 

full- 
ne 

I 
Section A A /" 6.880 

V e n t r a l  fin--/ 
Note: All dimensions are in inches. 

Figure 1. - D r a w i n g  of the ccxplete model. 

. 



(a)  Setup In tunnel (top nozzle block removed). 

F i m e  2.- Photographs of .the damping-in-roll test apparatus and the 
complete model. 



L-89409 (b) Interior of balance. 

Figure 2. - Concluded. 



c 

.01 e 

.o IE 

.OIC 

.OOE 

Configuration Dorsal fin Ventral fin 

0 BWVH off Off 
BWVH 

o awv 
On 
On On On ti" 

A BW On 
V BV On On 

(a) M = 1.62. 

Figvtre 3.- Varietions of rclling-nomeEt  coefficient with wir-g-tip helix 
en@ or" the conglete nodel and its coxpor-ents at zero =le of attack.  
Fl-ged synbols in&Lczte check points. 
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Figure 3. - Continued. 



(c) M = 2.22. 
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Figcre 3 .  - CoEtince&. 



20 

. 



L 

I Configuration Dorsal fin Ventral fin 
.018, 0 BWVH Off Off 

U BWVH On On 
0 BWV On On 
A BW on On 
V BV On On .016 1 D BVH On On I 

( e )  M = 2.62. 

Figure 3 , -  Concluded. - 
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Figure 4. - Variations  with Mach amber of the damging i n  roll of the 
c o q l e t e  model and. its components at zero angle 02 attack. Dashed 
portions of’ curves denote -ancertain fatring. 



hock wave from body nose 

hock wave from ventral-fin  nose 
Shock wave from dorsal-fin  nose 
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Extraneous shock wave 

L-89391 
Figure 5.- Schlieren  photographs cf the f low about t'ne complete model at 

zero  rolling  velocity. a = oO. 

C. 
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(a) S~.TVR. 
FFgure 6.- Vmiations w i t h  Mach number of the  experinezrtal a12 theoret ical  

daaping in roll at zero angle of attack. Dashed sort ions of exDerimental 
curves decote uncertain Talring. 
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Experiment: 

Configuration 

0 BWV 
A B W  

Theory : 

Dorsal fin 

On 
On 

Ventral fin 

On 
On 

- cz 
P 

M 

(b) BW and B T i .  

Experiment:  Theory : 

Configuration Dorsal fin Ventral fin "" BV 
BVH v 0v On On 

D BVH On  On 

"- 

. I  

0 

M 

( e )  BV an& BVH. 

Figwe 6 .  - Corcluded. 



(a) D i s t r i b ~ i o n  of circulation along (b) Rem view of model, showing the wing 
the w i n g  span. trailing vortices and the  velocities 

induced on the tail. pancls. 

Figurc 7. - Approximation of the wing flow f ie ld  ana its effects on the tail panels. 
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